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GUNS FOR ATTACfiING A IRS HIP S. 

A REVIEW OF PRESENT SOLUTIONS OF THE PROBLEM. 

THE problem of destroying or driving away hostile 
airships is being seriously discussed by military ex
perts. The present state of the problem and its chief 
technical and tactical peculiarities are here briefly 
reviewed. 

The great difficulty of hitting an airship makes the 
usual methods of warfare inadequate. The fire of 
infantry and even that of machine guns are of little 
use, despite their momentary mass effect, because of 
the limited range and effectiveness of the projectiles 
and the impossibility of observing their flight. Field 
and siJge guns cannot be elevated sufficiently and 
howitzers are deficient in range and rapidity of fire, 
while all of these classes of artillery are lacking in 
horizontal [1.ngular range and visibility of projectiles. 
The correctness of this view has been confirmed by ex
periment. 

Special guns, therefore, are required for 'combating 
airships. Various types of such guns have been con
structed by the Ehrhardt, -Krupp, Schneider, Skoda, 
Vickers, and other private firms. Of guns constructed 
for this purpose in governmental workshops only two 
of American make can be mentioned, a 2-inch, 30-cali
ber gun and a 3-inch gun, both mounted on wheeled 
carriages, which are said to have been tried without 
success against captive balloons in 1 90 9. 

Guns employed for attacking airships must possess 
a maximum elevation of at least 70 deg., a horizontal 
angular range of 360 deg., and the possibility of rapid 
change of direction. In Ehrhardt's 5-centimeter 
(2-inch) automobile gun (Fig. 1) an attempt is made 

to satisfy these requirements by aiming the gun, 
which is supported at its center of gravity, by the 
movement of a shoulder rest to which the sights are 
attached. This method gives a maximum elevation 
of 70 deg. The gun is mounted in an armored turret 
with a lateral range of 60 deg. to right and left, which 
is carried by an armored automobile. The same gun 
is also mounted on an automobile of which only the 
lower part is armored, so that the horizontal angular 
range is 360 deg. 

For the war against airships Krupp employs guns 
of 6.5, 7.1, 7.5, and 10.5 centimeters caliber (2.6, 2.8, 
3.0, and 4.2 inch) with the trunnions near the breech 
and a maximum elevation of 75 deg. For use on 
automobiles, ships and. fortifications the guns are 
mounted on carriages which rotate on pivots (Figs. 
2 and 3). The same firm constructs for field use a 
wheeled carriage with its axle made in two parts 
which are attached by hinge joints to the front of 
the long carriage, the rear end of which is pivoted 
to a rail resting on the ground. (Fig. 4.) If both 
wheels are brought in front of and beneath the gun, 
as shown in Fig. 5, and locked in that position, the 
gun can be revolved entirely around the pivot, so as 
to point in any direction, by turning the wheels with 
the hands. Small changes of direction are produced 
by means of an upper carriage which can be turned 
5' deg. to right or left. The durabiHty of this con
struction h�s been proved by extensive trial trips. 

The Schneider firm has designed a 4.7-centimeter 
(1.9-inch) 60-caliber gun mounted in an armored 

turret which is carried on the top of a completely 
armored automobile. The turret can be rotated 360 
deg., and the gun can be elevated 70 deg. (Figs. 6 
and 7.) 

The Skoda firm has designed a 3.7-centimeter (1.5-
inch), 70-caliber gun. The maximum elevation is said 
to be 80 deg., but the details of construction are not 
known. 

The Vickers firm, which, according to report, has 
constructed a 1 5.2-centimeter (6-inch) field howitzer 
suitable for use against airships, recently published 
the design of a 4.7-centimeter (1.9-inch) gun (3-pound
er) mounted on a pivot, for use on ships, fortifica
tions and automobiles. A maximum elevation of 90 
deg. is claimed 'for this gun, which, like Krupp's, has 
its trunnions near the breech and is elevated by a rack 
and pinion. (Fig 8.) 

All that is known of the American 3-inch gun is 
that it is mounted on a carriage with small wheels 
and can be turned in any direction with an elevation 
of 60 to 70 deg. 

The aiming mechanism of a gun employed against 
airships must be able to follow every movement of 
the swiftly flying adversary. With Ehrhardt's gun 
this is effected by sighting, as with a rifle. Krupp 
employs two parallel and connected telescopes, with 
verticals and reflecting eye-pieces. One man aims the 
gun with the aid of one telescope; the other man, 
using the second telescope, elevates the gun and fi:es 
at the favorable moment, without oral consultatIOn 
with his mate. (Fig. 5.) On steeply sloping land 
the elevation required for a given range cannot be 
obtained accurately from the published tables, so the 

telemeter is used instead. The necessary rapidity of 
fire is obtained by means of a self-closing breech, 
while great range and accuracy of fire are secured by 
the employment of a long gun and great muzzle veloc
ity. The following table contains the principal numer
ical data of the known guns designed for· airship war
fare: 

Maker. 

Caliber, enl . . .. . .. ......... 
Length in calibers ........ ... . . .  . .... . . . 

J Mounting ................ .. . .  .... . . . . .... ... I 
Weight of projectile, kg ......... 
Mnz7,le velocity, meters ....... ......... 
Muzzle energy, meter-tons . ... .. . . 

Hange of elevation, degrees ........... .... ) 
Horizontal angular rang-e. degrees .... 
Maximum vertical range, meten • .. " . • . . . .  

Maximum horIzontal range. meters ... 
Weight of gnn, kg... . .. . ... _ .  

Total weight of gun and an to mobile, kg, .... 

Ehrhardt. 

5 6.0 
30 35 

Armored Wneeled 
antomobile carriage 

�� I �7� 4 
620 

24.8 78.5 
+ 70 + 70 
- 5 5 

60 360 
3720 5700 
7800 8650 

400 875 
3200 

In airship warfare the question of ammunition is 
particularly important. Shrapnel is not well suited 
to the purpose. With a large number of bullets and 
fragments the gas bag may be cut, allowing the gas 
to escape, but while serious damage may thus be done 
to airships of the flexible and semi-rigid types, in 
which the gas is confined under considerable pres· 
sure in order to give stiffness, several of the separate 
gas bags of an airship of the rigid type might be 

FIG. 6.-SCHNEIDER 1. 9 IKCH ARMORED AUTOMOBILE 
GUN. 

FIG. 7.-DIAGRAM OF HCHNEIDER AUTOMOBILE. 
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FIG. fl.-VICKERS 1.9-INCH GUN MOUNTED ON PIVOT.

GUNS FOR ATTACKING AIRSHIPS. 
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pierced without sinking the vessel. Nor can complete 
success be reasonably expected .from the shrapnel con
nected by chains 8 or 10 inches long which has been 
employed in Italian experiments, or from shrapnel 
provided with rotating blades and fuses for the pur· 
pose of cutting the bag and igniting the gas. An addi
tional difficulty in the employment of shrapnel is in-

Kmpp. 

7.1 I 7.5 10.5 
35 35 35 

Pivoted on Pivoted on Pivoted on 
automobile automobile shipboard 

5 5.5 14 
650 625 795 
107.5 109.5 450 

+ 75 + 75 + 75 
0 - 0 - 0 

360 360 360 
6300 11,400 
9100 13,500 
1065 3,000 
4315 

Schneider. Hkoda. 

4 ,. .1 3.7 
60 70 

Armored 
automobih 

1.5 0.8 
900 • 1000 

62 40.77 
+ 70 + 80 
-(1) - 5 

360 360 
5600 

1115 
6000 

Vickers. 

4.7 

Pivot. 

+ 90 
- (1) 

36U 

volved in determining the proper length of the time 
fuse, which does not agree with the tabular time of 
flight corresponding to either the measured distance 
of the object of attack or the distance deduced from 
the angle of fire. The setting 'of the time fuse, there· 
fore, requires calculation, which is incompatible with 
rapid firing. The fuse, also, burns very irregularly in 
the upper atmospheric strata of varying density which 
the projectile may have to traverse. 

The most promising method of attack, therefore, is 
apparently to endeavor to hit the airship directly with 
shells and destroy it by their explosion and the scat
tering of their fragments. Ehrhardt has constructed 
a shrapnel shell provided with a fuse for the ignition 
of the balloon gas. Krupp's shell has a contact ex
ploder sensitive enough to be operated by impact upon 
the skin of the airship, which it penetrates before 
exploding in the interior'. In the gun this very sen
sitive exploder is prevented from operating by a me· 
chanical device. A special slowly-burning fuse reveals 
the course of the. projectile by its light at night and a 
trail of smoke by day. 

In this connection it is appropriate to refer briefly 
to the method of firing. As the hostile airship is 
usually visible for a very short time only and some
times moves very swiftly it cannot be hit by direct 
aiming, even with the easily observed fire shells. In 
order to utilize fully the few favorable moments, a 
num ber of shots should be fired in rapid succession, 
varying slightly in direction and elevation, but aimed 
in general accordance with the measured or estimated 
distance, with proper allowance for the slope of the 
land, and corrections based on observation of the 
visible flight of the successive shots. 

The caliber of the gun varies from 3.7 to 10.5 centi
meters (1.5 to 4.2 inches), according to the purpose 
for which it is designed. The effectiveness of the 
Skoda 3.7-centimeter (1.5·inch) gun), with its pro
jectile weighing only 0.8 kilogramme (1.7 pounds), 
is questionable, and the 'same remark applies to the 
4.7·centimeter (1.9·inch) guns of Schneider and Vick
ers. The calibers most suitable for field wor'k appear 
to he between 6 and 7.5 centimeters (2.4 and 3 inches). 
These calibers combine the requisitp. mobility of the 
gun with an effective explosive action, and also allow 
shrapnel to be employed. Although shrapnel appears 
to be ineffective against airships, as was pointed out 
above, the possibility of employing it is an advantage, 
as it makes thn gun useful for other field work. Krupp 
selects a caliber of 10.5 centimeters (4.2 inches) for 
guns mounted on ships and fortifications. 

In addition to these technical peculiarities, certain 
tactical points must be considered. Movable guns 
employed in the war' against airships must possess 
great mobility, in order that they be transported 
rapidly from place to place to destroy scouting air· 
ships. The automobile at once suggested itself and, 
on superficial consideration, it appears to satisfy every 
requirement. It can travel a great distance in a short 
time, it can be made strong enough for all military 
purposes, it is always ready to start, it allows the 
employment of the central pivot {uounting which is 
especially well adapted for guns employed against air
ships, it is able to carry the gunners and the ammuni
tion, and it can carry armor for the protection of its 
contents, passengers and mechanism. 

An automobile thus constructed, armed, ar'mored, 
manned and equipped. however, would be so heavy 
that its speed could not greatly exceed 30 miles pel' 
hour. Hence, to judge from experiments made witb 
drifting balloons, it would be almost useless for pursu
ing airships, which are able to travel 40 miles per 
hour with a favorable wind. Moreover, streams and 
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other obstacles would often necessitate long detourf!> 
or block the pursuit entirely. So heavy an automobile 
requires good roads; which are not found everywhere, 
even in western Europe. It cannot leave the road and 
climb a hill whence the airship might be sighted and 
destroyed, and even a good road may be put, by rain, 
snow or the passage of an army, Into a condition 
which would greatly retard the p rogress of the heavy 
vehicle. 

The addition of heavy armor enables an automobile, 
unsupported by troops, to withstand the enemy's 
fire, but this advantage is accompanied by serious 
disadvantages. Very heavy armor Is required to as
sure protection against rifle fire at close range. The 
first E*hrhardt automobile (Fig. 1) was entirely in
closed, with the exception of a narrow slit, in armor, 
which, however, was only % inch thick. Hence it 
was impossible to see over a wide field, which is espe
cially necessary in airship warfare. The armor hood 
couLd be raised in action, but this would involve 
danger and almost destroy the advantage of carrying 
the impeding armor. Furthermore, the cramped quar
ters and hot atmosphere inside the armor shell would 
irritate the nerves and impair the efficiency of the 
gunners. 

For these reasons complete armoring appears inad
visable for rapid work. It is sufficient to protect the 

officer who acLs as driver, and the motor, wheels and 
gasoline tank, on which the mobility of the car de
pends. This protection can be given without very 
greatly Increasing the weight. Ehrhardt's newer auto
mobile (Fig. 2) is only half armored, and Krupp's 
cars (Figs. 9, 10, and 11) are made both with and 
without armor. Schneider's design for an armored 
automobile (Figs. 6 and 7) includes a driver's seat, 
with 'complete steering apparatus, at the rear end 
of the car, which can therefore quickly reverse its 
motion, without turning. 

The disadvantages of the automobile are avoided 
by mounting the gun on a wheeled carriage which, 
though it cannot travel a great distance in a short 
time, can traverse any passable ground as readily as 
an ordinary field-piece. Each gun must be accom
panied by an ammunition wagon, containing about 140 
rounds and weighing about 3,500 pounds. 

Figs. 12 and 13 illustrate another Krupp construc
tion, in which the wheeled carriage Is combined with 
the automobile. For transportation, the gun and its 
carriage are hauled to. the platform of the automobile 
by means of inclined rails and a winch, and secured 
by turning up the rails, On arriving at the scene of 
action the gun and carriage are replaced on the ground 
and can be moved by the crew for short distances over 
obstacles which the automobile cannot pass. Prob-

ably the solution of the problem of mobility will be 
found in this happy combination of the automobile 
with the wheeled gun carriage. 

For use in extended fortifications possessing good 
interior roads, where it will often be necessary to 
move the gun quickly from one side to the other in 
order to repel scouting airships, the gun should be 
permanently mounted on an automobile which should 
carry armor to protect it from the fire of the enemy's 
outposts. Many such automobile airship destroyers 
should be provided for forts, since these will be the 
chief. places of interest to the enemy's aerial spies. 
Airship harbors within fortifications should be pro
tected against hostile airships by airship-destroying 
guns of large caliber (such 'as the Krupp 4. 2-inch) 
mounted on central pivots in fixed emplacements, 

In the field, guns mounted on wheeled carriages are 
preferable, for the reasons given above. Many such 
guns should be sent forward with the cavalry and 
mounted artillery, for the purpose of paralyzing at the 
outset the activities of the enemy's aerial spies. These 
guns should also be distributed among the field artil
lery, in the proportion of at least one to each regi
ment, so that they will be scattered along the entire 
front of the army and some of them will always be 
available for use where they are needed.�Artiller
istische Monatshefte. 

ROOFING FOR FERRY-SLIP P I L E S. 

THE rapid deterioration of the pine and oak piling 
that forms the guide walls of ferry slips or landings, 
is a cause of much expense and endless renewals. 
This loss is due to the common practice of leaving 
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DETAIL OF ROOFING SYSTEM FOR 

PROTECTIN<.i PILING. 

the heads of the piles, the longitudinal bracing, etc., 
exposed to the action of the weather. 

The accompanying illustrations show a system of 
flexible roofing which is being used with great success 
on both sides of the Hudson River by the New Jersey 
and Hudson River Railway and Ferry Company. They 
have been furnished by F. W. Bacon, who sends us 
the particulars which follow: 

There is considerable movement of these ferry 
"racks," as they are called, and they are subject to 

TESTS OF A MILWAUH.EE DESTRUCTOR, 
IN the bngineerihg Record, an account 's publ,ished 

of some tests made with a Milwaukee refuse de· 
structor. The apparatus is a Heenan refuse destructor, 
designed to burn 300 tons daily, arranged in four 
furnaces each having six grates, three on each side 
of a central combustion chamber. The clinkering 
and operating is done on the ground-floor level, where 
also the offices, electrical machinery, and recording 
instruments are located. The upper story is used 
as a feeding floor apt} for storage of refuse. The refuse 
Is hoisted into the building and distributed by two 
electric overhead cranes, whose tracks extend out 
beyond each end of the building. The basement is 
used for the clinker railway, doors for cleaning dust 
from furnaces, and the men's washroom. The refuse 
is collected in two classes of carts. The one-horse 
carts are for garbage, and have removable steel bod'ies 
of about 1% cubic yards' capacity. These car bodies 
are hoisted up, and their contents discharged on to the 
feeding floor. The two-horse wagons are of 21;2 cubic 
yar'ds' capacity, and they collect rubbish and ashes 
wbico they dump into boxes resting In pits at ground 
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heavy shocks from the continuous landing of boats. 
Therefore, everything pertaining to this construction 
must be exceedingly flexible, yet substantial enough 
to withstand this racking. The rack cover proper is· 
built in 12-foot sections, this being determined upon 
as about the maximum width of section that could 
be handled easily without making it too cumbersome. 
The cover, a plain frame with clapboarding, is sup
ported by a chain connection through eyebolts 
on the upper cord, which cord is run parallel to the 
rack on the upper tier of piles. There are three of 
these chain supports to each section, the two outside 
chains being set at a slight angle, so as to adjust any 
lateral movement in the roof. The roof rests similarly 
against a cord on the lower tier of piles, which acts 
as a rubbing piece and, as the rack proper sways back 
and forth, the roof slides up and down. It has the 
same flexibili.ty on the upper cord but, of course, the 
movement at that point is very small. 

In case it is desirable to make any repairs to the 
rack structure, the nuts. on the eyebolt are run off 
and the roof sections are laid aside in the river for 
the time being so that there is no material labor in 
getting at any section of the rack. 

The engravings show a type of roof adapted to a 
class of rack where the three rows of piles have been 
carried at a high elevation. In general, the rear row 
of piles is lapped about 12 inches, this point being 
above high water, thus avoiding any damage to the 
structure by ice or deterioration due to the tides ris
ing over the roof. 

It has not been found necessary' to cover the air 
streal[s between the different sections of the roof, 
as the roof is laid very close together, and the quan
tity of water that gets through these small streaks is 
a matter of no consequence. The roof is absolutely 
tight and, during severe storms, protects and keeps 
the timber in the structure perfectly dry. 

The company's experience with piling on its prop
erty has been that wherever a pile is covered by a roof 
of any character, or is even situated along the edge 

level. The boxes are then picked up by the cranes, 
and their contents transferred to the storage bins. 
The material when dropped into the furnace falls on 
to a dry-ing hearth, where a large proportion of the 
moisture is carried away by hot gases. The fireman 
then rakes the dried material forward on to the 
grates as required, small stoking doors being provided 
for this. After a sufficient amount of material has 
been burnt on each grate to form a thick body of 
clinker, a large counterweighted clinkering door in 
the front is opened, and the clinker, after being 
broken up by bars, is drawn forward and uropped 
through holes in tl�e floor into steel dumping cars 
below. 

After leaving the combustion chamber the hot 
gases pass over the heating surface of a 200-horse
power water-tube boiler, and then through an air 
heater or regenerator to the chimney. Combustion 
is entirely controlled by forced draught, all the air 
being drawn through an air-heater by an en�ine-driven 
fan, and ra-ised to over 300 deg. F. The proportions 
are such that the amount of air required for com
bustion when the plant is operating at full capacity 
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of a roof, it has had to make absolu�ely no replacement, 
nor have any piles rotted or shown any inclination 
to rot after sixteen years of service. Where this timber 
is exposed to the weather it is not usual to get more 

FLEXIBLE ROOFING FOR PILING OF FERRY 

SLIPS AND LANDINGS. 

than eight to nine years' maximum life out of the 
pine piles or more than ten to twelve years out of the 
oak tim bel' in the rack. 

The company has had these covers in service since 
lr..st August, and it has had no trouble with them what
soever. The structure seems to bE! thoroughly prac
tical, and to be working out very satisfactorily. This 
cover complete, installed, cost $ 3.7 5 per running foot, 
including the walkway on the top, or 1 5.4 cents per 
sq uare foot. 

is several times greater than the cubic contents of 
the bv"ding. This insures the renewal of all the 
air in the building every 8 minutes, and prevents the 
escape of any gas except through the chimney. The 
following are some of the more ,important features: 
The garbage is stored by itself away from ashes and 
rubbish, and the free water, amounting to 7 to 9 per' 
cent, is then drained away to the sewer. '1'he effect
iveness of the drying hearth is increased by the hot 
gas duct, extending along the back of the hearth. 
The hearth increases the life of the fire-grate because 
it receives the impact of the refuse; it is of sub
Iltantial brick construction. Tb,., mechanical charg
ing devices make it unnecessary to do any hand 
firing with wet, dirty refuse. Each operation is per
formed separately from every other; thus the cranes
men work at top speed without interference from 
men on the feeding and mixing floor, and the latter 
are not hindered by the men stoking the furnaces. 
Similarly the firemen work in a room to themselves. 
The article ,is well illustrated, and particulars 2re 

given of three tests made with normal, extreme wintel". 
and with extreme summer refuse. 
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FIG. l,-EHRHARDT ARMORED A U'l'OMOBILE CARRYING 

A 2-INCH RAPID-FIRE GUN FOR DESTROYING AIRSHIPS. 

FIG. S.-KRUPP 4.2-INCH GUN WITH 

NAVAL MOUNT. 

FIG. 2.-KRTJPP S-INCH AUTOMOBILE GUN. 

FIG. 4.-KRUPP 2.6-INCH GUN MOUNTED ON WHEELED 
CARRIAGE. 

FIG. 5;-FIRING POSITION OF THE GUN AND CARRIAGE 
SHOWN IN FIG. 4. 

<;tUNS FOR ATTACKING AIRSHIPS, 
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FIG. 10.-KRUPP 2.8-INCH GUN IN HALF ARMORED 
AUT OMOBILE. 

FIG. 11.-KRUPP 2.8-INCH GUN IN SLIGHTLY ARMORED 
AUTOMOBILE. 

FIG. 12.-KRlJPP 2.6-INCH GUN ON WHEELED CARRIAGE 
AND THE AUTOMOBILE BY WHICH IT IS TRANSPOR'fED. 

FIG. lS.-THE GUN AND CARRIAGR OF FIG. 12 PI,ACED 
ON AU'l'OMOBILE. FOR 'l'RANSPORTATION. 
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